Abstract The purposes of this paper are to provide an overview of the state of the science of sleep in children with autism spectrum disorder (ASD), present hypotheses for the high prevalence of insomnia in children with ASD, and present a practice pathway for promoting optimal sleep. Approximately two thirds of children with ASD have chronic insomnia, and to date, the strongest evidence on promoting sleep is for sleep education, environmental changes, behavioral interventions, and exogenous melatonin. The Sleep Committee of the Autism Treatment Network (ATN) developed a practice pathway, based on expert consensus, to capture best practices for screening, identification, and treatment for sleep problems in ASD in 2012. An exemplar case is presented to integrate key constructs of the practice pathway and address arousal and sensory dysregulation in a child with ASD and anxiety disorder. This paper concludes with next steps for dissemination of the practice pathway and future directions for research of sleep problems in ASD.
Introduction
Sleep is critical for typical synaptic development and brain maturation, and poor sleep can have detrimental effects on childrens' cognition in the domains of attention, memory, mood regulation, and behavior [1-4, 5•] . Great concern has been voiced about the high prevalence of poor sleep in children worldwide, and the effects of poor sleep may be even more pronounced in children with neurodevelopmental disorders, including autism spectrum disorder (ASD) [5•, 6, 7] . Children with ASD often have difficulties with falling and staying asleep, with night wakings having a strong association with daytime behavior problems [5•] .
ASD is a complex neurodevelopmental disorder that has seen a marked increase in the prevalence over the past 30 years with a current rate of 1 in 68 children in the United States (US) [8] . One in 42 boys and one in 189 girls are identified as having ASD, a 4.5:1 ratio [8] . ASD is thought to be a multi-genetic disorder with high heritability, and autism risk may be sexually dimorphic with most genetic studies consistent with a female protective effect [9] [10] [11] [12] . The recurrence risk in families ranges from 10 to 25% with a birth interval of less than 18 months increasing risk [13, 14] . Substantial heterogeneity exists in the degree of intellectual ability, social and communication impairments, and collection of behavioral symptoms. Cognitive ability varies with 31% of individuals with ASD having IQ scores in the range of intellectual disability (IQ ≤70), 23% in the borderline range (IQ = [71] [72] [73] [74] [75] [76] [77] [78] [79] [80] [81] [82] [83] [84] [85] , and 46% in the average or above average range of intellectual ability (IQ >85) [8] . ASD is a life-long disorder that has major implications for the quality of life of the individual with ASD as well as the families, resulting in a tremendous responsibility on the part of the public health and education systems [15, 16] .
Leo Kanner first described children with significant impairments in social interaction, restricted and repetitive behaviors, and often unusual sensory responses to environmental stimuli as having autism [17, 18] . Advances in our understanding of the etiology of autism have been modest over the past 73 years, but over the last two decades, there has been considerable progress in conceptualizing autism as a spectrum disorder and delineating the variability in the phenotype. In the 1990s, clinicians and researchers achieved consensus on the core deficits central to its definition and established an agreement between the two major diagnostic systems, the 4th edition of the American Psychiatric Association (APA) Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) and the 10th edition of the World Health Organization (WHO) International Classification of Diseases [4, 19] . The consensus on the core deficits for autism facilitated the development of two widely accepted, internationally recognized clinical diagnostic tools, the Autism Diagnostic Observation Schedule (ADOS) and the Autism Diagnostic Interview (ADI) [20] .
Autism is currently conceptualized as a spectrum with the DSM-V (2013) merging the previous categories of Pervasive Developm ental D isorders of Autism, Pervasive Developmental Disorder-Not Otherwise Specified (PDD-NOS), and Asperger Disorder from the DSM-IV into one diagnostic category of Autism Spectrum Disorder [21] . The current diagnostic criteria for ASD in the DSM-V describe two groups of characteristics: (1) persistent deficits in social communication and social interactions across contexts and (2) restricted, repetitive patterns of behavior and unusual responses to sensory stimuli [21] . The refinement of the DSM criteria along with the development and dissemination of diagnostic tools has (1) generated very skilled ASD providers; (2) encouraged local, state, and national policy development on screening, diagnosis, and treatment of ASD; and (3) stimulated greater public awareness. Taken together, these accomplishments and possible environmental, genetic, and epigenetic phenomena have contributed to the increasing prevalence of ASD worldwide.
What Is Insomnia and What Is the Prevalence of Insomnia in Children with ASD?
Insomnia in children is defined as sleep onset delay (sleep latency) more than 30 min per night, on average, and/or frequent prolonged night waking with impaired daytime functioning [22] . Prolonged night waking alters sleep efficiency which is defined as the ratio of total sleep time in the episode potentially filled by sleep (time asleep / [total time in bed − time to fall asleep]). A sleep efficiency of 85% or greater is considered good sleep [22] . Insomnia in children with ASD occurs across all cognitive levels, and the prevalence may be as high as 60-86%, which is two to three times greater than typically developing (TD) children [3, 7, [22] [23] [24] [25] [26] [27] .
Insomnia in children with ASD is one of the primary concerns parents have and one of the major reasons why many families seek medical help [28] . Moreover, insomnia in children with ASD has been found to alter parents' sleep and add tremendous stress to their families' lives [29] . A recent meta-analysis of sleep data in children with ASD showed small but measurable differences in sleep parameters using objective measures of actigraphy (ACT) and/or polysomnography (PSG) [30] . ACT is a miniaturized wristwatch-like microcomputer that senses physical motion and generates a signal each time it is moved (accelerated) and generally placed on the wrist. The stored movement data can be transferred to a computer for interpretation and estimation of sleep parameters. Studies utilizing ACT and PSG with children with ASD have found shorter sleep time, longer sleep latency, and decreased sleep efficiency as compared to TD control groups [30] .
What Are the Hypotheses for the High Prevalence of Insomnia in Children with ASD?
Sleep problems in ASD have many possible neurobiological, medical, behavioral, and cultural mechanisms, and the cause in any given child is likely to be multi-factorial [22, 31, 32, 24, 26] . Behavioral insomnias of childhood (BIC) are the most common extrinsic causes of insomnia in children, including those with ASD [26, [32] [33] [34] . However, the underlying biological and behavioral rhythms of ASD may predispose children to both extrinsic and intrinsic stressors that threaten sleep, making children with ASD uniquely vulnerable to sleep problems [11, 26, 31, 35] . Hypotheses regarding intrinsic causes of insomnia in children with ASD include (1) brain wave organizational and maturational differences, (2) circadian-relevant genes, (3) abnormal melatonin production, and (4) arousal and sensory dysregulation. Intrinsic hypotheses for insomnia will be presented first and followed by extrinsic causes of insomnia in children with ASD.
Brain Wave Organization and Maturation Differences
The first hypothesis regarding an intrinsic cause of insomnia involves possible differences in brain wave organization and maturation identified by polysomnography (PSG). PSG, the collective process of monitoring and recording physiologic data during sleep, is considered the gold standard for objective measurement. It can include, but is not limited to, electroencephalographic activity (EEG), electro-oculogram, electromyography activity, rhythm electrocardiogram, airflow via nasal pressure thermistor or pneumotachograph, and oxygen saturation via pulse oximetry [36] . PSG frequency bands of 12-15 c/ s activity during REM have been described as occurring in premature infants and infants ages 3-8 months. An early PSG study from 1969 with children with ASD ages 19-47 months revealed frequency bands of 10.5-15 c/s activity during rapid eye movement (REM) as compared to an almost complete absence in same age controls with typical development, suggesting a maturational difference in children with ASD [37] . Moreover, they also found an association between slow wave activity and REM burst activity during REM in typically developing children, but this association was not observed in children with ASD, suggesting an immature organizational pattern. In 1976, Tanguay and colleagues built upon previous work and noted that eye movements (EMs) do not become organized into bursts until approximately 40-weeks gestation [38] . In their study, they found that the mean eye movement burst length and the ratio of EMs within bursts to EMs outside of bursts was significantly less in children with ASD as compared to age-matched controls, emphasizing the immaturity of eye movement organization in children with ASD [38] . In addition, spindle EEG activity was found during REM in children with ASD but not in same age controls, suggesting that sleep stages were not well differentiated [38] . Theories regarding brain organization and maturation were not studied again until the 1990s, when four other studies reported higher rates of undifferentiated sleep, muscle twitching during REM sleep, high rates of periodic limb movement syndrome (PLMS), and REM sleep behavior disorder as compared to typically developing controls [39] [40] [41] [42] .
In 2006, 21 children with ASD were compared to 10 TD controls utilizing two nights of PSG and a sleep questionnaire [43] . The ASD cohort was divided into two groups, "good sleepers" and "poor sleepers," as reported by their parents. The results showed that there were no significant differences between the ASD good sleepers and TD controls on the sleep questionnaire domains or sleep architecture. However, poor sleepers with ASD showed prolonged sleep latency and decreased sleep efficiency on the first night of PSG and increased scores on the insomnia domains of the questionnaire. Interestingly, there were no significant differences between the 2nd night of PSG for the poor ASD sleepers (n = 11) and TD controls (n = 10). More recently, in 2010, a study completed in the Clinical Research Center of the National Institute of Health compared 50 children with ASD, mean age of 4.8 years with age matched controls (15 TD children and 13 children with developmental delay) [44] . The results showed statistically significant shorter total sleep time, greater slow wave sleep percentage, and much lower REM sleep percentage. The authors concluded that a deficiency of REM may indicate an abnormality in neural maturation and organization in young children with ASD and is consistent with findings from the 1960-1970s.
Despite multiple methodological limitations of these studies, the accumulated findings are considerable. These studies highlight the possibility of central nervous systems maturational and organizational differences. In addition, higher rates of parasomnias are found in children with ASD as compared to typical developing controls including abnormal frequencies of muscle twitches, muscle activity during REM, and PLMS observed during PSG. These findings may implicate dysfunction in the excitatory monoaminergic pathways and other core neurotransmitters, synaptic homeostasis involved in sleep-wake control, and perhaps phylogenetic shifts in the neuronal development of the human brain and autonomic nervous system. In total, these findings support the hypothesis of complex intrinsic neurobiological differences that alter sleep behaviors and sleep quality in children with ASD.
Circadian-Relevant Genes Another emerging hypothesis for intrinsic causes of insomnia in children with ASD includes circadian-relevant gene anomalies resulting in biological and behavioral rhythm disturbances [45, 46, 31, 11, 47, 48] . In humans, sleep and wakefulness are regulated in part by an endogenous circadian clock, the suprachiasmatic nucleus in the brain [11] . This master clock orchestrates a circadian rhythm system of positive and negative feedback loops that alter clock gene expression [11] . Clock genes PERIOD (PER 1, 2, 3 main framework), TIMELESS (resets clock), NPAS2, and Cryptocromes (CRY1,2) interact and are activated by clock proteins CLOCK, ARNTL/BMAL1 [49] [50] [51] [52] . In 2002, clock/clock-related gene anomalies were first suggested as possible contributory factors in the etiology of core deficits of ASD involving temporary synchrony and social timing deficits [45] . Results from genetic linkage studies from multiplex families implicated chromosome 2q as a possible site, and region 2q37.3 has been found to have the hPER2 gene [45] . More recently, hPER2 was identified as one of the candidate genes for 2q37 deletion syndrome in humans resulting in the phenotype of ASD, dysmorphic features, and sleep problems [53] . In addition, two clock gene variants, in PER1 and NPAS2, were found to be associated with a 110-member autism cohort from Autism Genetic Resources Exchange [54] . The coding regions of 18 canonical clock genes and clock controlled genes were sequenced in 28 participants with ASD, and PER 2, PER 3, and TIMELESS variants were found to be associated with ASD [11] . However, the results from these studies were limited by small sample sizes and/or lack of significance after corrections for multiple analyses. Still, the identification of rare mutations in clock genes with functional alterations in ASD participants suggests that further investigation with large sample sizes and deep phenotyping is warranted. Some researchers suggest the possibility that clock genes such as hPER1, hPER2, hPER3, and clock gene-gene interactions may serve a dual role with respect to sleep and the control of oscillators associated with human social communication and concurrent brain development [45] . Wimpory and colleagues hypothesized that variances in clock genes that orchestrate oscillator systems may underscore the social deficits of ASD [45] .
Pleiotropic effects connecting many genes involving sleep and brain disorders are emerging. For example, through analysis of de novo mutations in ASD, Sanders and colleagues identified 6 loci and 65 genes associated with ASD by combining CNVand sequencing data. The NRXN1 and SHANK3 genes appear in both lists. There is a strong body of evidence indicating that SHANK3, which encodes a post-synaptic scaffolding protein, influences the combined phenotype of autism spectrum disorder symptoms with sleep disturbances and intellectual disability. Recently, Veatch and colleagues have hypothesized that genes involved in synaptic homeostasis, including the processes of synaptic development and pruning, may be involved in both ASD and sleep-wake control, offering a promising shared mechanism [55•] . Investigators suggest that a greater understanding of the pleiotropic roles of genes influencing both sleep and neurological disorders could lead to new treatment strategies for children with ASD [55•].
Abnormal Melatonin Rhythms, Peaks, and Receptor Sites Abnormal melatonin levels have been hypothesized to play a role in insomnia in children with ASD. Melatonin is synthesized in the pineal gland and is received in the suprachiasmatic nucleus, the master clock in the brain, by receptors MTNR1A and MTNR1B, which are involved with multiple functions including sleep induction, circadian and seasonal rhythm regulation, and immune function [11] . A delayed melatonin rhythm has been hypothesized to be associated with prolonged sleep latency, and low melatonin amplitude has been associated with night waking in children with ASD [31] . Multiple investigators have identified lower levels of melatonin or a major metabolite of melatonin (urinary 6 sulfatoxymelatonin) in either the urine, serum, or plasma of individuals with ASD [31, 46, [56] [57] [58] [59] [60] .
It is also hypothesized that low melatonin levels and sleep onset delay in children with ASD may be related to mutations in melatonin synthesis pathway genes or changes to regulatory regions of melatonin receptor sites [59, [61] [62] [63] . A recent study evaluated variation in two melatonin pathway genes, acetylserotonin O-methyltransferase (ASMT) and cytochrome P450 1A2 (CYP1A2) and observed higher frequencies of variants than were currently reported in individuals with ASD [61] . Moreover, two studies investigated regulatory regions of melatonin receptors MTNR1A and MTNR1B in individuals with ASD and detected base changes in upstream regulatory regions of these receptors, suggesting that these genes were interesting candidates for ASD [62, 63] . However, one of these studies found base changes in the regulatory regions in both the ASD participants and controls. On the other hand, both studies detected p.V124I mutation in ASD participants only [62, 63] . Taken together, a combination of abnormal production, increased breakdown, and abnormal receptor sites of melatonin may explain prolonged sleep latency and night wakings in children with ASD. However, these studies were limited by small sample sizes, indicating a need for further study with larger samples [61] [62] [63] .
To date, 16 treatment studies showed strong support for the effectiveness of short-term use of exogenous melatonin, dose range 0.5-15mg, with most studies using a 3-5 mg dose 30 min prior to desired sleep onset, to improve sleep in children with ASD [47, [64] [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] [76] [77] [78] [79] . This body of evidence supports the use of melatonin and extended release melatonin in children with ASD after environmental and behavioral strategies have been implemented and are insufficient in improving sleep. However, some children with ASD do not respond to melatonin and some families find that melatonin loses its effectiveness over time [26, 72] . In addition, a recent study by Goldman and colleagues (2014) found no differences in endogenous melatonin samples comparing children with ASD and insomnia (n = 9) and typically developing children in maximal melatonin concentration (C(max)) and time to peak concentration (T(max)) [80] . These outcomes suggest that other hypotheses and opportunities for intervention regarding insomnia in children with ASD should be explored.
Arousal and Sensory Dysregulation in Insomnia Current thinking on insomnia in the general population regards the disorder as one of hyper-arousal. Early work hypothesized that insomnia was an internalization of emotional arousal [81] [82] [83] [84] [85] and recent research has focused on two lines of inquiry: cognitive arousal and increased somatic/physiological arousal. The theory of cognitive arousal hypothesizes that increased cognitive activity (thinking and worrying while trying to fall asleep) prevents the initiation of the sleep process [82, 84, 85] . The theory of physiological arousal posits that there is greater activation of the sympathetic nervous system in patients with insomnia compared to good sleepers [86] . A few small studies have characterized biomarkers of autonomic outflow and revealed that increased heart rate, body temperature, heart rate variability, and higher levels of nor-epinephrine have been correlated with insomnia [81, 86, 87] .
Hyper-Arousal and Insomnia in ASD Since the earliest descriptions of ASD, it has been suggested that individuals with ASD may have difficulties with basic neurophysiological processes of attention and arousal. Children with ASD have been described by clinicians and therapists as being either "hypo" or "hyper" aroused to internal and external stimuli. Arousal theories remain at the heart of clinician dialog. Hutt and colleagues in 1964 were the first to hypothesize that autism involved chronically high arousal levels [88] . Dawson and Lewey (1988) described a general over-arousal and narrow range of optimal arousal in autism [89] . Recent advancements in the field of neuroscience and the understanding of neural circuits have renewed interest in the arousal theories of ASD. There is growing evidence that ASD is associated with arousal dysregulation and dysregulation of the autonomic nervous system (ANS).
While insomnia in children with ASD is predominantly identified as behavioral insomnia of childhood (BIC), which is thought to be caused by external factors such as limit setting and sleep association, some studies have identified that children's anxiety, fears, worries, and sensitivities to environmental stimuli might be contributing to their insomnia [26, 24] . In our previous work, we collected data from 97 families that included a comprehensive sleep history, environmental assessment, sleep questionnaires, and ten nights of actigraphy for each child. We hypothesize that the "hyper-aroused state" experienced by a subgroup of children with ASD may be linked to insomnia [26] . We concluded that in order to develop more precisely targeted sleep treatments for children with ASD, arousal dysregulation would need to be specifically addressed. The ANS is divided into three divisions: sympathetic, parasympathetic, and enteric branches. ANS hyper-arousal may be related to sympathetic hyper-arousal, parasympathetic undertone, or atypical interaction of the two systems. A few small studies evaluated sensory arousal and sympathetic tone using electrodermal activity (EDA) in children with ASD compared to controls, and the results are inconsistent. Two studies observed larger tonic EDA in response to sounds [90, 91] while two other studies found no changes in response to auditory stimuli [92, 93] . However, Ming and colleagues (2005) investigated autonomic dysfunction using a Neuroscope, a device that measures brainstem activity and quantifies cardiac vagal tone, blood pressure, and heart rate in real-time and found that all children with ASD had elevated sympathetic tone compared to TD children [94] .
Sensory Hyper-Reactivity and Insomnia Hyper-arousal can also be described by occupational therapy scientists as sensory hyper-reactivity. Sensory hyper-reactivity may be one factor related to insomnia in children with ASD. Reynolds, Lane, and Thacker (2012) showed that children with ASD ages 6-12 had a greater prevalence of atypical sensory behaviors and sleep disturbances than typically developing children as measured by the Short Sensory Profile [95, 96] . Moreover, a sensory challenge protocol predicted good versus poor sleepers with 87% accuracy [97] . Specifically, behaviors associated with avoiding sensation on the sensory profile [98] were highly correlated with sleep problems in the children with ASD. Sensory avoiding behaviors include avoiding playground equipment or moving toys, avoiding going barefoot in sand or grass, and avoiding certain tastes or foods that are typically part of the child's diet [98] . In Dunn's model of sensory processing, sensory avoiding is hypothesized to be related to low sensory thresholds and resultant sensory hyper-reactivity. Thus, this finding suggests that children with ASD may over-react to stimuli resulting in difficulty falling or staying asleep. Similarly, Mazurek and Petroski (2015) used data from the Autism Treatment Network and found that greater levels of sensory over-responsivity measured by the sensory profile were positively correlated with more overall sleep problems measured by the CSHQ [99•]. Hollway and colleagues (2013) conducted a correlational analysis of data from 1347 children (ages 2-17) in the Autism Treatment Network and found predictors of sleep difficulties using hierarchical regression modeling of 1583 children with ASD (ages 2-17) in the Autism Treatment Network data bank [100•] . Findings suggest that sleep difficulties are related to problems in specific sensory areas, and children with a high sensory threshold who require high levels of sensory input sleep better. Specifically, the overall sleep difficulty score on the CSHQ had an inverse r e l a t i o n s h i p w i t h t h e A u d i t o r y F i l t e r i n g a n d Under-responsive/Seeks Sensation/Sensory Seeking sections of the Short Sensory Profile. Auditory filter is the ability to detect the salient features of auditory sensations, and the under-responsive/seeks sensation category is associated with high neurological thresholds for responsiveness requiring more sensory input and promoting sensory-seeking behaviors in children with ASD [98] . There is some evidence that insomnia in children with ASD may be at least partially related to poor sensory processing, and thus, assessment of sensory reactivity may be useful when addressing insomnia. Strategies to manage sensory hyper-reactivity such as decreasing environmental stimuli in the bedroom and/or adding calming strategies prior to bedtime may be appropriate.
Co-occurring Psychiatric Disorders
More recently, there has been greater attention by clinicians and researchers on recognizing co-occurring psychiatric disorders in children with ASD. A high prevalence of anxiety and/or ADHD, which are considered high arousal disorders, have been identified in multiple studies in children with ASD [101] [102] [103] [104] [105] [106] . In addition, a recent study using electrodermal activity (EDA), a non-invasive physiological indicator of autonomic activity, was measured in typically developing children and children with ASD. Participants performed tasks that elicit anxiety, attention, response inhibition, and social cognition processes. The ASD group was divided into low-and high-anxiety participants, and the groups were compared to mean EDA level. The ASD group had a significantly blunted mean EDA response to the anxiety tasks. The high-anxiety ASD group showed significantly decreased mean EDA compared to both the low-anxiety ASD group and the typically developing control group. The results suggest atypical autonomic function in children with ASD, specifically with respect to sympathetic activity. Moreover, anxiety symptomatology defined subgroups with distinct physiological and behavioral profiles. Overall, the results add to the body of literature supporting autonomic dysfunction in ASD and highlight the role of anxiety and autonomic features in explaining the variability in the autism spectrum [107] .
Taken together, the high prevalence of high arousal psychiatric disorders, unusual responses to sensory stimuli, and insomnia in children with ASD may provide a greater understanding of a cluster of symptoms that can be identified as arousal and sensory dysregulation.
Norepinephrine and Prefrontal Cortex Cognitive Abilities
One neural system that could account for both arousal and sensory dysregulation and cognitive challenges described in ASD is the locus coeruleus-norepinephrine system. Over the past 20 years, multiple studies have documented the dominant role of norepinephrine in regulating the working memory and attentional functions of the prefrontal cortex [108] [109] [110] . The pontine nucleus of the locus coeruleus is the source of a widely divergent projection system that provides the majority of all norepinephrine to the brain and is the sole source of norepinephrine in the cortex [110, 109] . This system is activated by diverse sensory and autonomic stimuli and its activation is associated with forebrain arousal [111, 112] . Electrophy siological studies in rats and non-human primates suggest that there is an inverted U-shaped relationship between the locus coeruleus, neuronal discharge, and prefrontal cortex cognitive abilities [105, 106] .
This U-shaped model provides a framework for better understanding of the arousal dysregulation and "hyper" and "hypo" arousal symptoms in children with ASD. When the locus coeruleus neurons are in a phasic mode, they are very responsive to sensory stimuli which is associated with optimal performance in tasks requiring focused attention [113] . However, levels of locus coeruleus discharge and norepinephrine outside the optimal range are associated with poor performance. High levels of norepinephrine (i.e., high tonic activity) are associated with hyper-arousal and a loss of response to specific stimuli [113] . Given these characteristics of the norepinephrine system, ASD symptoms related to arousal and abnormal sensory responses could result from locus coeruleus-norepinephrine dysfunction. In addition, the wake and arousal-promoting actions of central noradrenergic neurotransmission may have clinical consequences in a number of conditions associated with the dysregulation of sleep and waking and/or arousal. For example, acute activation of LC-noradrenergic signaling is incompatible with the state of sleep [114] . As early as 1956, researchers have identified the relationship between norepinephrine and sleep/wake state [115] . Thus, inappropriate excitatory drive on this system, which can arise from upstream regions including the prefrontal cortex and amygdala, could contribute to an inability to fall or stay asleep associated with insomnia [114] . The "hyper" or over-aroused child with ASD has behavioral symptoms of inattention, impulsivity, high activity, anxiety, panic, and insomnia.
Extrinsic Causes of Insomnia in Children with ASD
Behavioral insomnias of childhood (BIC) are the most common causes of insomnia in children with and without ASD [32, 26, 33, 34] . Sleep-onset association type is characterized by the child's dependency on a specific stimulation, person, objects, or settings for initiating sleep or returning to sleep. Limit setting type is characterized by bedtime stalling or refusal behaviors that are a result of difficulties with limit setting by the caregiver. The stalling and refusal behaviors escalate each night and can become quite disruptive. These behaviors are inadvertently reinforced by postponing bedtime and providing a child with 1:1 attention [26] . Caregivers of children with ASD often will initiate multiple ideas to help their child fall asleep and may establish bed time conditions that inadvertently perpetuate chronic insomnia [26] .
The insomnia model denoted by Spielman and colleagues ( Fig. 1) describes predisposing, precipitating, and perpetuating factors significant to the development and maintenance of insomnia [116] . Predisposing factors include genetic, physiological, or psychological phenomena that confer differential susceptibility to individuals [116] . Precipitating factors include physiological, environmental, or psychological stressors which push an individual over a hypothetical insomnia threshold to produce acute symptoms [116] . Perpetuating factors include behavioral, psychological, environmental, and physiological factors that prevent the individual from re-establishing normal sleep [116] . In pediatrics, health providers have often focused on behavioral conditions created by caregivers in an attempt to relieve insomnia symptoms in their children which often inadvertently worsen those symptoms and perpetuate insomnia.
Based on the Spielman model of insomnia (Fig. 1) , the neurobiological and neuropsychiatric vulnerability of children with ASD represent the predisposing factors. These predisposing factors position children with ASD close to the hypothetical threshold of insomnia. Precipitating factors including (1) environmental stresses such as changes in evening routine and sensory stimuli, (2) psychological stressors such as a difficult day at school, or (3) physiological stressors such as being sick may push a child with ASD across the threshold into insomnia. In attempting to treat the child's insomnia, parents may inadvertently introduce perpetuating factors such as getting in bed with the child until they fall asleep, or allowing the child to nap after school. For this reason, caregivers of children with ASD and insomnia often will need the support of health care providers in identifying the child and parents' specific predisposing, precipitating, and perpetuating factors.
Practical Approaches to Sleep Problems in Children with ASD
The Autism Treatment Network (ATN) recognized that it is critical for providers to be well trained in delivering sleep care to this vulnerable population. To address this need, the ATN created a Sleep Committee to compile evidence-based treatments and refine decision-making tools in order to produce a practice pathway and sleep tool kit. The Sleep Tool Kit (KIT) is a standardized manual for educating families on sleep hygiene and basic behavioral strategies and available to all online. This informational packet is designed to provide parents with strategies to improve sleep in their child including a visual schedule to teach bedtime routines, images for a visual schedule, using a bedtime pass, and sleep tips for children with limited verbal skills. Used together to support practitioners and families, the pathway and sleep tool kit are the standard of care for identifying, evaluating, and managing insomnia in children and adolescents with ASD [117•] .
The ATN practice pathway was devised from a thorough review of the state of the science and included 20 intervention articles studying individuals with ASD with sample sizes of 10 or greater [117•] . The pathway was based on a consensus of sleep experts that captured best practices for an overarching methodology to implementing comprehensive sleep care by primary care providers or ASD specialists. The ATN tested the pathway at 4 pilot sites across the USA. The pathway has a ten-step approach (Table 1 ) and includes screening for and treating medical conditions that may be related to poor sleep (Table 2 ) and being aware of signs and symptoms of obstructive sleep apnea and its risk factors (Table 3) . A pilot phase showed that barriers to using the ATN pathway included lack of time during a clinic visit and limited provider knowledge of and comfort with both assessment and management of insomnia [117•] . Moreover, the 2014 study by Malow and colleagues implementing the ATN sleep tool kit identified that the education session improved sleep in children with ASD on average but some continued to meet criteria for insomnia, suggesting that the tool kit is not sufficient for all families and they may require more support and tailored strategies [32] . The following case study illustrates key concepts to increase provider comfort with identifying, evaluating, and managing insomnia in children and adolescents with ASD and introduces a calming module supplement.
The child in the case participated in an insomnia study titled Tailored Behavioral Intervention (TAB) for Children with ASD and Insomnia. This pilot randomized controlled trial (RCT) compared the effects of standard care plus TAB protocol to standard care only. In this study, standard care was defined as the ATN sleep tool kit, a 1-h education session with emphasis on ecological approach and establishing positive evening routines. The TAB, a home-based weekly intervention delivered by nurses or occupational therapists using performance feedback, included three components (1) positive evening routines with visual schedule, (2) supplemental calming module (developed by the authors to decrease arousal levels), and (3) a faded bedtime protocol that has a child go to bed when they are irresistibly sleepy, equating sleepiness with their bedroom (stimulus control). The environmental changes, bedtime routines, and calming activities were tailored to each child and family, based on their arousal (anxiety and sensory sensitivities) profile, sleep characteristics, and the family's identified goals.
The supplementary calming module was developed based on the idea that a subgroup of children with ASD are in a hyper-aroused state and may have anxiety and sensory dysregulation, and it includes a list of evidence-based calming activities [32] . The calming module activities address the internal factors including sensory and arousal dysregulation that threaten sleep. The goal was to address the child's sensory needs and arousal levels by altering the environment and tailoring specific calming module activities to target the child's arousal profile. The calming module includes 12 individualized soothing and relaxing activities that are selected by the parents/child and providers based on their arousal profile. The calming activities included the following: (1) breathing techniques [118] ; (2) muscle relaxation techniques [118] ; (3) yoga poses [119] ; (4) massage [120] [121] [122] [123] ; (5) mindfulness exercises [124] ; (6) worry box/doll [125] ; (7) emotional regulation: positive emotions; (8) taking a warm bath; (9) gentle rocking; (10) gentle swinging; (11) self-soothing: soothing the five senses [118] ; and (12) quiet activities: reading, prayers. These activities have been found to be successful in calming individuals with arousal/anxiety symptoms.
Identifying Information and Presenting Concerns
Tim (alias) is an 8-year-old Caucasian male who is diagnosed with ASD, generalized anxiety disorder, and oppositional defiant disorder. He had a history of developmental delays and difficulties with social interaction. He lives with his mother and father in a suburban single family home and he has his own bedroom. Both parents have bachelor degree level of Screen for medical conditions that may be contributing to insomnia and refer to appropriate sub-specialist (Tables 2 and 3 ).
4.
Treat any medical conditions significantly affecting sleep before continuing with the practice pathway.
5.
Determine the willingness and capacity of the family to implement a sleep intervention.
6.
The first-line approach is parent education about environmental modification, positive bedtime routines, and behavioral strategies.
7.
Introduce the ATN Sleep Tool Kit and educational materials with visual schedule. 8.
If the family is unable or unwilling to follow environmental and behavioral strategies consider consultation to a sleep specialist.
9.
Pharmacological interventions may be considered, start with melatonin.
Timely follow-up in 2-4 weeks for all interventions
Annual reassessment for all children with ASD education and his mother is a nurse and his father is a respiratory therapist. Tim has an older brother age 11 with typical development. Tim attends third grade in a public school and is in a regular education classroom. He has full scale IQ of 110 and does well academically. Parents reported that Tim did not want to sleep in his own room and he slept in his brother's room in a twin bed. His brother slept in the other twin bed, and both beds were up against the walls. He refused to sleep by himself and demanded that his mother sleep with him each night. There was a ceiling fan, two windows, two dressers with lamps, and a toy chest. He had difficulties falling asleep and often woke during the night, and the mother reports he was a very restless sleeper with frequent movement.
Children's Sleep Habits Questionnaire:
The Children's Sleep Habit's Questionnaire (CSHQ) was chosen because it is a comprehensive instrument to screen for both behavioral and physiological disorders of sleep. The CSHQ is a structured parent-report sleep screening instrument designed for school-aged children. Parents respond to items on a 3-point Likert scale (rarely = 0-1 night per week; sometimes = 2-4 nights per week; usually = 5-7nights per week). The CSHQ has both a total score (48 items) and eight subscale scores (33 items), reflecting key sleep domains that encompass the major medical and behavioral sleep disorders in this age group, with higher scores reflecting greater problems, in bedtime resistance, sleep onset delay, sleep anxiety, night wakings, parasomnias, sleep disordered breathing, and daytime sleepiness. The CSHQ individual items, as well as the subscale and total scores, were able to consistently differentiate the community group from the sleep-disordered group, demonstrating validity. A cut-off total score of 41 generated by analysis of the receiver operator characteristic (ROC) curve correctly yielded a sensitivity of 0.80 and a specificity of 0.72 [126] .
Tim had a total score of 57 which was above the cut-off of 41 and had elevated subscales for bedtime resistance, sleep duration, sleep anxiety, and night wakings consistent with a sleep disordered group (Table 4) . The elevated sleep anxiety and bedtime resistance subscale scores indicate a need to focus on decreasing anxiety before bed and developing a nighttime routine with behavioral reinforcements for completing the routine.
Anxiety Interview and Questionnaire Anxiety was assessed via a clinician-administered semi-structured interview with the parent, the Pediatric Anxiety Rating Scale (PARS; [127] , and a parent-report questionnaire about child anxiety symptoms, the Screen for Anxiety and Related Emotional Disorders (SCARED). The PARS is a semi-structured interview designed to assess the presence and severity of a range of pediatric anxiety symptoms, such as symptoms of panic, specific phobias, and also generalized separation and social anxiety in children. It provides a continuous rating of the cumulative impairment of these symptoms, including impairments in peer, academic, and family functioning and physical health. A 5-item total score of 11.5 or greater on the PARS suggests significant risk for anxiety disorder. The PARS has demonstrated inter-rater reliability (.86), high test-retest reliability (.83), and convergent validity in anxious youth with ASD [128, 129] and has shown sensitivity to treatment effects in clinical trials of anxiety interventions for children with ASD [130, 131] . For this study, the PARS was administered by C.K. who has received standard training and demonstrated research reliability in this measure. In addition, Tim's mother completed the SCARED, a 41-item parent-report questionnaire that assesses symptoms of panic/somatic anxiety, separation anxiety, social anxiety, school refusal, and generalized anxiety. Like the PARS, the SCARED has good psychometric properties in large clinical samples [132, 133] and sensitivity to treatment effects in children with ASD [134] . Given that brief parent questionnaires have been found to have reduced sensitivity and specificity for detecting anxiety in children with ASD [102] , the SCARED was combined with the PARS to provide a more comprehensive assessment of Tim's anxiety profile. Results of the clinician-rated PARS indicated that Tim showed clinically significant symptoms of anxiety (PARS 5-item total = 14, >11.5 cut-off) at pretreatment directly related to his sleeping habits and routine. Tim struggled to sleep in his bed at night and to sleep away from home due to preoccupying worries and anxiety about the dark and about being separated from his parents. These fears resulted in significant interference to Tim and his family's daily routines. Tim struggled to go to sleep at night in his own bed, preferring to sleep with his mother due to his separation anxiety. His fears of the dark also contributed to nightly agitation, fretfulness, and worry that made it difficult to fall asleep. In addition, he expressed fears of thunderstorms and lightening causing power outages and inescapable darkness. Symptoms of separation anxiety and physical anxiety symptoms were also apparent on the SCARED (total score = 23); however, they did not exceed the SCARED cut-off for clinically significant anxiety.
Sensory Information Sensory characteristics were evaluated using the sensory profile. The sensory profile [98] is a parent questionnaire that measures children's responses to sensory events in daily life and provides data about how patterns of sensory-related behaviors might be contributing to, or creating barriers for, performance in daily life [98] . The sensory profile yields numerical scores for each area (e.g., touch processing), and these are rated as typical, probable difference, or definite difference based on normative data. The sensory profile has good construct validity, strong internal reliability (>.80), and discriminate validity (>95%) in identifying children with and without sensory issues [98] . On the items assessing specific sensory system processing, Tim scored in the definite difference range in auditory and oral sensitivity, movement seeking behaviors, and processing of multisensory stimuli (Table 5) . He showed some difficulty (probable difference) in the areas of visual discrimination, sensory processing related to endurance and tone, and tactile seeking behaviors. This sensory profile suggests that Tim could benefit from a simple visual schedule, a peaceful environment, and calming activities that address his movement and tactile seeking behaviors.
Baseline Actigraphy As shown in Table 4 
The Intervention
During the initial home visit, questionnaire and actigraphy data were reviewed with parents and the child and the child's sleep environment was assessed. The family received a 1-h ATN education session that was tailored to their specific needs and incorporated positive evening routines, ecological changes to bedroom and with visual schedule with laminated icons on Velcro board from the sleep tool kit (Table 6) .
Positive Evening Routines with Visual Schedule
During the initial home visit, the team (nurse and occupational therapist) and family collaborated to establish a bedtime routine, create a visual schedule showing the sequence of the bedtime routine, and decide on environmental changes. These changes included decreasing the amount of toys and removing the TV from Tim's bedroom to decrease extraneous stimuli. The team also educated the family on the importance of creating a cool, dark environment to facilitate sleep, including keeping the temperature lower at night. Given that this child currently slept with his mother and brother, the family and the team felt it was important to transition to his own bedroom.
To facilitate this transition, they suggested a red nightlight in his room and a body pillow wrapped in his mother's pajamas and sprayed with her favorite perfume. This latter strategy served as a comfort item for the child and was based on his olfactory seeking behaviors via the sensory profile. To foster the transition from his brother's room to his own bedroom, everyone including Tim agreed that the mother or father would sit in a chair next to him until he fell asleep. The chair was slowly moved closer to the bedroom door each night.
Additionally, the use of a bedtime pass was implemented in which Tim was provided with a laminated bedtime pass at bedtime. The protocol was if he wakes during the night and needs to get his parents for a hug or reassurance, he would need to give up the bedtime pass. They would offer brief Baseline Week 8 Fig. 2 Actigraphy data from baseline and week 8 for participant comfort and then they put in back to bed in his own room. If Tim was able to stay in his room through the night and woke up with the bedtime pass, he earned a reward that morning. Tim chose an action figure. It was recommended to initially begin with two passes to increase likelihood of success for this child.
Supplemental Calming Module and Activities
Calming activities were included as part of the bedtime routine. Based on the child's sensory needs, anxiety, interests, and preferences, specific calming activities were selected. The chosen strategies included a massage, and a vanilla-scented candle was lit during the massage. These activities were selected because the child's sensory profile indicated that olfaction may be a useful sensation for calming and that he enjoyed deep pressure tactile input; Yoga poses were also selected (legs on wall, sleeping pose) to build on the child's proprioceptive needs. Observing your breath or deep breathing was also selected for the child to perform during yoga poses to assist with relaxing his body. In addition, the family was encouraged to incorporate at least 20 min of exercise into the daily routine. This included use of the family's exercise bike, wheelbarrow walking, pushups, and army crawl. This addressed the child's movement seeking behaviors by providing increased activity and body movement against resistance.
Faded Bedtime Protocol
A faded bedtime routine was established with the family to ensure that the child was sleepy when he went to bed. The faded bedtime protocol requires the child to wait to go to bed until they are irresistibly sleepy, in order to equate sleepiness with their bedroom (stimulus control). The bedtime was pushed back from 8 to 8:45 PM, and the calming activities discussed above were added into the child's routine prior to bed to occupy the time. If Tim was successful with falling asleep at 9:00 PM for a week or two, then the bedtime could be faded back to 8:30 and adjusted by 15-min intervals to a desired bedtime.
Fidelity During each visit, fidelity to the agreed-upon sleep routines was assessed. The fidelity checklist was created and included the prescribed intervention activities. If strategies were not used, they were discussed to determine if adaptations were needed or if the strategy could be discontinued because it was not a good fit. Fidelity of performance on the calming activities was also checked. This family consistently implemented the recommended strategies each week without difficulty. However, the child did become perseverative on the reward system created with the bedtime pass, which led to behavioral disruptions in the morning; behavioral strategies were implemented to address the morning disruptions. These were developed by the occupational therapist in consultation with a behavioral specialist. It was recommended that the parents be consistent and calm when dealing with behaviors. Additionally, a behavior chart was created and a social story was developed. Lastly, it was recommended that the family use a consistent time for rewards including completion of the child's morning routine prior to reward, use a timer to select and use the reward, and gradually fade amount and frequency of rewards.
Results As shown in Table 4 and Fig. 2 below, parents reported a great improvement in Tim's sleep behaviors and shown with the CSHQ total score decreasing from 57 to 41. Moreover, the objective measure of actigraphy revealed that sleep latency (time to fall asleep) decreased from 37.75 to 13.22 min, and his sleep minutes improved from 375.63 to 455.4 min, an increase of over an hour. The nighttime pass intervention was successful and Tim was staying in his own room throughout the night. In addition, clinically significant improvements were observed in the child's anxiety symptoms, as rated by both the PARS and SCARED. Following the intervention, Tim no longer exceeded the clinical cut-off for anxiety on the PARS (post-PARS total = 10, <11.5 cut-off). In addition, he exhibited fewer anxiety symptoms as reported by his mother on the SCARED (pretreatment SCARED total = 23 vs post-treatment SCARED total = 15). Following intervention, Tim's mother described that Tim no longer had difficulties falling asleep alone at night. In addition, she reported that his fears of the dark and storms/bad weather were much less overwhelming to him and interfering in his life. Though Tim still sometimes expressed worries about bad weather and the dark, he was no longer preoccupied or overwhelmed by these concerns, but rather could be reassured and redirected to other topics. Moreover, Tim demonstrated an ability to overcome these worries in order to stay and fall asleep in his own bed at night.
Summary of Case
Tim made measurable improvements in his sleep and anxiety as seen in Table 4 . The family reported being very satisfied with the child's sleep behavior at the end of the intervention. Much of the success of this case can be attributed to the family's consistency in implementing the recommended strategies and incorporating the strategies into their daily routines so that it was not viewed as additional work. Additionally, eight home visits provided the necessary feedback to the family and served as a means to address any concerns that emerged.
Conclusion
Children with ASD are extremely vulnerable to sleep problems due to underlying biological and behavioral rhythms that predispose them to extrinsic and intrinsic stressors affecting sleep. There is growing evidence that ASD is associated with arousal dysregulation and sensory hyper-reactivity, and calming strategies may be helpful in improving sleep.
The strongest evidence to date on promoting sleep in ASD supports sleep education, ecological and behavioral interventions, and exogenous melatonin. Exciting future research direction should investigate clock genes and clock controlled genes and their relationships with ASD using big genetic data sets and deep phenotyping. Deep phenotyping that includes characterization of sleep problems, arousal and sensory dysregulation, biomarkers, including catecholamines, heart rate variability, stress hormones, would give us a greater understanding of the causes of sleep problems in ASD and is urgently needed.
The case presentation highlights the dramatic improvement in sleep achievable with an intensive educational, ecological approach incorporating behavioral and sensory interventions by well-trained providers and highly motivated parents. To be effective, this intervention demands commitment to a nonpharmacological approach by the provider and parent and requires confidence that behavioral change is possible. Moreover, ecological changes are quick and cost-effective, and parents in our study were very receptive to these environmental changes. The next steps for dissemination of the ATN practice pathway for sleep in children with ASD will need to address local, state, and national barriers to implementation of ecological and behavioral sleep treatment with fidelity. This will require a paradigm shift in the health care arena to mobilize resources to train providers and empower families and communities to implement ecological and behavioral care to improve sleep in children with ASD.
